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Project Introduction

The aim of this IRAD is to produce a generic launch window analyzer (SWM)
that allows for large-scale rapid analysis of a launch window and orbit

design trade space. This will be "game-changing", preventing missions that
are in early definition studies, for instance in the Mission Design Lab (MDL), or
new business efforts, from going into blind alleys. The domain of applicability
will be those missions whose orbit is well-modeled as Keplerian or perturbed
Keplerian and includes a vast majority of missions (science, exploration,
defense, or commercial), including many involving the new class of low-thrust
small satellite platforms.

Using a set of accurate analytic Variation of Parameters (VOP) equations for
orbit propagation, and a method for defining and 'mixing-and-matching'
various mission constraints, the tool will allow flight projects to e.g. quickly
determine launch opportunities, and explore the effects on these of relaxing
mission constraints. The basic concepts involve taking advantage of the
geometric notion of an orbit, the definition of a 'perturbation’, and idea of
'geometric proxies'. Let us take these concepts in turn to better describe what
SWM does. The notion of an orbit is predicated on the use of Keplerian orbit
elements to describe the trajectory of the spacecraft as if it were a 'bead on
an elliptically-shaped wire'. That is to say that the semi-major axis and
eccentricity describe the shape and size of the wire; the inclination, right-
ascension of ascending node, and argument of perigee describe the wire's
spatial orientation; and the true anomaly describes where on the wire the
bead can be found. The concept of perturbation allows us to think about this
elliptically-shaped wire as slowly changing its shape, size, and orientation as
the spacecraft 'feels' a variety of environmental effects such as higher-order
terms in the geopotential, luni-solar gravitational pull, solar radiation
pressure, and atmospheric drag. Note that the application of delta-Vs are
accomplished by discontinuously changing the orbit using standard methods.
These two concepts are traditional 'textbook' ideas. The distinguishing trait of
SWM is the marriage of these ideas with the notion of a geometric proxy. To
illustrate the idea of a geometric proxy, consider a typical space science
mission that wants to place spacecract in situ in the Earth's geomagnetic tail.
The geomagnetic tail lies in or near the shadow of the Earth. In SWM, the
orbit is then mapped into a geometric coodainte frame which moves as the
Earth moves about the Sun such that one of its axes always lies along the
Earth-Sun line and another of its axes lies along the ecliptic pole. In this
frame the Keplerian elements are 'moving' such that the line-of-apsides
advances like the hands of a clock. The action of the perturbations serves to
either enhance or retard this motion. Thus the orbit's motion can be mapped
into this frame where the geomagnetic tail and the shadow cast by the Earth

are essentially fixed. The final step is then use the geometric properties of the

orbit and the geometric properties of the geomagnetic tail and the shadow
region to simply predict the how much time is spent in the tail compared with
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the time spent in shadow. Using the geometric proxies, the mission desing
space can be quickly explored and, with a few more steps to describe how this
orbit is established from launch, a launch window can be generated.

Anticipated Benefits

Funded NASA Earth-orbiting missions will be able to use the capabilities of
SWM to quickly evaluate the set of candidate orbits that satisfy all of the
required orbital constraints. This allows the flight dynamics engineer to
determine the achievable launch windows, and the systems engineer to
determine which constraints drive the orbit design, and so which it would be
profitable to relax. The MMS flight project has made extensive use in this way
of SWM76, the prototype, MMS-centric version of SWM.

Primary U.S. Work Locations and Key Partners

Organizations

Performing Work Role Type Location
Y¥Goddard Space Flight Lead NASA Greenbelt,
Center(GSFC) Organization = Center Maryland
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Organizational
Responsibility
Responsible Mission
Directorate:

Mission Support Directorate
(MSD)

Lead Center / Facility:
Goddard Space Flight Center
(GSFC)

Responsible Program:

Center Independent Research &
Development: GSFC IRAD

Project Management

Program Manager:
Peter M Hughes

Project Manager:
Dennis W Woodfork

Principal Investigator:
Trevor W Williams

Co-Investigators:

Frank J Vaughn
Wayne H Yu
Conrad Schiff
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Primary U.S. Work Locations

Maryland

Project Transitions

o September 2012: Project Start

0 October 2016: Closed out

Closeout Summary: The purpose of the Goddard Space Flight Center’s Internal
Research and Development (IRAD) program is to support new technology develo
pment and to address scientific challenges. Each year, Principal Investigators (P
Is) submit IRAD proposals and compete for funding for their development projec
ts. Goddard’s IRAD program supports eight Lines of Business: Astrophysics; Co

mmunications and Navigation; Cross-Cutting Technology and Capabilities; Earth
Science; Heliophysics; Planetary Science; Science Small Satellites Technology; a
nd Suborbital Platforms and Range Services. Task progress is evaluated twice a

year at the Mid-term IRAD review and the end of the year. When the funding pe
riod has ended, the PIs compete again for IRAD funding or seek new sources of

development and research funding or agree to external partnerships and collabo
rations. In some cases, when the development work has reached the appropriat
e Technology Readiness Level (TRL) level, the product is integrated into an actu

al NASA mission or used to support other government agencies. The technology

may also be licensed out to the industry. The completion of a project does not n

ecessarily indicate that the development work has stopped. The work could pot

entially continue in the future as a follow-on IRAD; or used in collaboration or pa
rtnership with Academia, Industry and other Government Agencies. If you are in
terested in partnering with NASA, see the TechPort Partnerships documentation

available on the TechPort Help tab. http://techport.nasa.gov/help
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Rescarch  Development . Demo g Test
Technology Areas
Primary:

e TX13 Ground, Test, and
Surface Systems
- TX13.4 Mission Success
Technologies
- TX13.4.1 Mission
Planning

Other/Cross-cutting:

e TX17 Guidance, Navigation,
and Control (GN&C)
- TX17.1 Guidance and
Targeting Algorithms
- TX17.1.2 Targeting
Algorithms
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Project Website:

http://aetd.gsfc.nasa.gov/
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